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1 . GENERAL 


1.1 This section is intended to provide REA borrowers consulting 

1.2 primary purpose of this section is to describe how to make 
mubual capacitance measurements, how to annlv tbp 

™easur.„.ntS, 

aectlon refer to™eaaure«SSaTl ".aaeurementa in tala 

1.3 The measurement of cable mutual capacitance is a tc-'’ 
aid in determining the condition of cable. Where 

s:: ^p:eSnra^r„:r^ rr 

trOTlo*’tra°'''’r^1*"°'^ measurements is on Installed 0^110^ *SS°eleof' 
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ZuLTt, - 

IS contained in the Diain body and exhibits measurement data 

provides a simplified explanation of propaeatlon^^-pr^*^^^^”' 1 

measurements. ' ^ Pagation effects on capacitance 

" ■ ' SablJ”'’?he°L'rL°"‘J= -Paoltanoe „eaaurl„g 

to large rack mounted systems. Automatic measurlns\^’^t*”*''''‘° 
sometimes used by cable manufacturers and consult?L 
volume testing. Ti^e engineer or craftsnPvoJ ® engineers for 

familiar with the measurement technioue cautioned to become 

instrument limitations when using automatic capabilities and 

struments. Some measuremSt'^tecLCerfi^''^^!^!:^^''''® measuring in- 
capacitance at 1000 hertz, and do not meas^^rn^^ 

Where new cables are suspected to be faulty cana^t 
must be measured at 1000 hertz and compared tS^pS^ f? conductance 
requirements before cables are rejected Ai^n ^ specification 

factor in evaluating the condition of e: important 

2 . BITRODUCTION 

.1 Befoie making capacitance measurements on cablf*-? u 
_ with your test equipment and the hcc-ir. f?' f ’ become familiar 
^is introduction to cable measiu’ements is in+e makeup of cables, 

better understand cables, test instrnmenfc to^help the reader 

some measurement limitations. ’ being measured, and 

2.11 Review the test instrument functions and 7 -im-,-+«+- / 

accuracy), AddIv thp n-mrio-v-* limitations (such as 

the measurement data. Be aware~5f~i;nJ°^'^*^'^^^?" factors or formulas to 
measurements with your instrument suS af^'f fSlow^J?”' "" 

Toni^Sr? measurements 

othS^spScial terMnSsr^^^ connected to ground or 

tMs’"lfs"rjement1Sa"Js 

ro4%;:r~ r 

c* " ParSlS and dissipation (Cp & D) 

c. Parallel capacitance and conductance (Cp & Gp) 


2.13 
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must always be calculated or "corrected". For longer measurement lengths, 
the "apparent" measurement data must be corrected to obtain true values of 
capacitance also . 

2.14 Apply the proper correction factors. Mien measuring in the series 
mode, apply series correction factors, and when measuring i-n the 
parallel mode, apply paz-allel correction factors (References are listed 
for further study). The classic method of measuring and presenting cable 
capacitance data has been open circuit admittance (Yoc), or capacitance 
and conductance in parallel. Many of the commonly used portable capaci- 
tance bridges measure open circuit impedance (Zoc), and is expressed as 
capacitance and dissipation in series. Valid data can be obtained with 
either series or parallel bridge types if properly corrected. Examination 
of the correction factors show that propagation affects the series measure- 
ments less than the parallel measurements on longer measurement lengths. 
This can result in more accurate and less complex capacitance corrections 
as the cable parameters vary from nominal values. The major reason for 
this is that the dissipation arm of the capacitance bridge tends to balance 
out the cable series resistance without regard to the exact value of 
resistance. Refer to Appendix 1 for more discussion on this. 


3. HOW TO MEASURE MUTUAL CAPACITANCE 


3.1 Preliminary 


3.11 Periodically use a known capacitance to check the instrument 

accuracy. Know your measuring Instrument and its capabilities. 

Some capacitance and impedance bridges apparently were not original3.y 
designed to measure cable capacitance because there is not a legtimate 
ground terminal to make three terminal measurements. An example of this 
is the Electro Scientific Industries 250 DE and the General Radio I 65 OA 
which are in common use for measuring cable capacitance. These instruments 
must’ not be grounded or connected to the cable shield. Grounding shorts 
out a portion of the balancing arras of the bridge and will yield incorrect 
effective mutual capacitance readings. This means that the meter case 
must be "floating" above ground. It should be placed on some Insulating 
material. Other wires or objects should not touch the meter case. To 
obtain very sharp nulls on cable lengths less than one mile, the operators 
hand may need insulation as the final null is approached (because the body 
acts as a path from meter case to ground). 


3.12 In spite of the precautions stated above, these instruments are 
widely used arid provide good measuremerit data. For any instrument, 

read the manual and follow the instructions. If in doubt, it might be 
better to "float" the bridge. There is a Simple, test to determine if valid 
measurements can be made with the ’iriistrtMent gro^ This is shown in 
Exhibit 2B. . ,.:y. ^ ^ 

3.13 A review of Appendix 1 might be helpful before preceeding with 
measurements. Bridges may give' results of capacitance (C) and 

conductance (g) or dissipation (D) iri one of three ways. 
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a. Series mode, Cs and D 

b. Parallel mode, Cp and D '• 

Q, Parallel mode, Cp and Gp 

For cable measurements, the first method is preferred for reasons discussed 
in earlier paragraphs. This discussion is based on that type of instrument, 
but the principles apply to the other tj'pes as -well. 

3.14 Connect the capacitance bridge to one end of a cable pair as shown 
in E3{hibit 1. Null the bridge and record tbe bridge settings. 

Record both C and D (or G) values even if there are no initial plans to 
use D values. Record all digits available, even though the last one or 
possibly two digits. may have little meaning. Record, all information that 
could be useful at a later time. Ihis includes cable type, gauge and 
length, Instruments, temperature, etc. Recorded, measurement data may 
mean very little to anyone except the person making the measurements 

the data is organized, labeled, and contains explanatory notes. To 
aid in organizing your data, a sample data sheet is. shown in Exhibit 3, 

3*15 If conductance is to be accurately determined, measure the cable 
pair dc loop resistance also. Measured dc loop resistance can 
improve the accuracy of capacitance corrections on wery long cable sections. 

3.2 On the Reel Measurements 

3.21 Access the outer end of the reel. Uncap and remove about one foot 
of sheath material; identify and separate pairs, {Experience will 

dictate exactly how much sheath must ^»e cut back,) The inner end of the 
cable must be cleared (separate wires). Remove enough insulation from each 
conductor to make the measurements; generally one -half inch is sufficient 
to make individual pair measurements, (More insulation must be removed if 
the pairs are to be "bunched" and measured. This discussion is limited to 
individual pair measurements . ) 

3.22 Note the reel length and cable gauge stated on the reel. Refer 
to Exhibit 4 for approximate "expected measured values” for that 

length and gauge. Use short leads with good connections. Connect pair 
one to the bridge measurement terminals; leave all other pairs "floating." 
Set the bridge to the "expected measured values", Null the C and D dials 
for each pair measurement. Record the C and D values for each pair 
measured, Ejdiibit 3 shows an example of recorded data. Measure pair 2, 

3, etc,, in the same manner. The measured values should all be similar 
and should be near the "expected measured values." If they are not, 
refer to paragraph 3*3. Cable specifications generailly refer to average 
mutual capacitance of all pairs. This means that ^1 pairs of a cable 
must be measured if they are tp be eompared to specification values,, 

(However, conductance is specified on an individual pair basis, ) 

3.23 When the measurements are complete, put off the excess conductors 
and recap the sheath; Replace the refleetoriiasad wrapper to protect 

cable from potential heat damage.' .'’C 


•* 4 - 
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3.3 Measurement Problems 

3.31 If problems are encountered, during measurements, the follov/ing 
may aid in locating the cause. (Eliminating the problem may not 

be possible.) Measurement problems might be caused by wires short.ed 
together or to the shield at the inner end of the reel. Other possible 
causes are open,, shorted or grounded pairs; moisture in the cable core; 
or other problems. 

3.32 If all readings are questionable, use a known capacitor and check 
out the bridge. 

3.33 If all of the pairs measure high C and D, there may be moisture 
in the cable core. Another indication of moisture in cable has 

been for the inner pairs to measure only slightly high and the outer pairs 
to measure much, higher C and D than normal. A resistor-capacitor network 
such as shown in Exhibit 2C can be used to check out both C and D settings 
of the bridge. 

3.34 If only a fev; pairs of cable are questionable, it might contain 
opens, shorts or ground. Start by removing the end cap at the 

inner end of the cable. Try to assure that all bare wire ends are not 
touching other wires or the shield. This may be difficult with large 
cables. 

t 

3.341 A shorted pair may measure (a) series Inductance and resistance, 
or (b) series capacitance (large values) and resistance. It 

might be difficcilt or impossible to obtain a null on most capacitance 
bridges. 

3.342 One wire shorted to ground or another non-mate wire should cause 
the capacitance to measure high. A high resistance short or 

ground- may have .similar effects or may only show an increase in the D 
value. 

3.343 A split pair or an open conductor would cause the pair to measure 
low capacitance , 

3.4 Measuring .Long Reel Lengths 

3.41 Small sisze cables such as one through six pairs are sometimes 

shipped in very long reel lengths. If the reels are longer than 
0,1 wavelength (21.4 kF of I 9 gauge, 15,4 kF of 22 gauge, 12.3 kF of 24 
gauge or 9.Q kF of 26 gauge), another method can be used to more accurately 
measure capacitance. This consists of accessing both the outer and inner 
ends of the cable. As shown in Exhibit 2 A, connect both tip conductors to 
one bridge terminal and both ring conductors to the, other terminal. This 
has the effect of measuring .fwo. pairs (ih, parallel), of one -half the length. 
This would allow measurements on cables up to 0.2 wavelength with the ac- 
curacy of 0,1 wavelength. This teqhnique . is called "head-to- tail" 
measurements. 
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3.42 This procedure is only possible on thP 

qy»q Qr>ocaoo-i “hi o q+ , reex 


where both cable enti- 


are accessible at tlie same location t+ • — * _ 

to access the inner end of large cables- but i generally not pra.o't^^ 

limited to shorter reel lengths. * cables are necessai* 

3.43 Head-to-tail measurements may be done n- = ^ . - -i., 

that correction factors are valid m ^ estabXa-sli 

generally limited to very few pairs, measm-emenrS’ cables 

in this manner is recommended to reduce corr^n^- P-irs of the o-atoX 

accuracy, ^lon factors and improve 


3.44 Head-to-tail measurements are esneciamir no.^-P i x . 

accuracy of mutual conductance. Ev mea^n-..* improve the 

reel length, conductance accuracy can be improved ^ one-half the 

dc loop resistance should always be measured to ann as 4 to 1. - 

conductance. measured to accurately determine itiu-fcvial 


3 . 5 Measurements on Installed Cable 


3.51 If mutual capacitance measurements are made on installed cahi ^ 
to veri;^ that cable specifications are met, rem<-mber that alX 

“St Ije measured. If it is a cheek on the oonditlor. 
older cables, U is generally sufficient to measure only one to three 
pairs of a section. Select the pairs so that at least Le is near the 
outsidj of the core (near the shield). If several pairs are measured, 
include an inner pair also (near the center of the core). The reason 
for selecting an outer pair is that moisture is likely to affect outer' 
pairs sooner and more severely than inner pairs. 


of 


3.52 Assure that the measured cable pair is cut dead and "floating" 

at the jj itended distant end. Limit measurement lengths to aboxi-b 
one loading sectiMr(450'D or 60OO feet). Assure that there are no loading 
coils or bridge taps in the measurement length. Remove about one-half 
inch of insulation and connect the cable pair to the bridge terminals. 
Determine the "expected measured values" from Exhibit 4 knowing the caloXo 
length and gauge. Set the bridge at the expected values; null the C and D 
and record both C and D values. 


3.53 Tlie measured values of C and D should be near the expected valvxes . 
Refer to Paragraph 3.3 if problems is encountered^ To the items 

discussed in Paragraph 3.3j add the effects of loading coils, build out 
capacitors, and bridge taps, A loading coil near the capacitance bridge 
g®^®ra,lly result in higher than expected values of capacitance , A 
loading coil (open circuit) at distant end will have little or no effect 
on c^acitance readings. Build out capacitors and bridge taps will resxilt 
in higher than expected capacitance values,. 

3.54 Normal troubleshooting procedures using megger,, Wheatstone bridge 
olimmeter, wire chief's test set or other te^-^aiiipni^int should, "be ^ 

used to find faulted pairs. There are some newj ®i®^hods of* 
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fault location available such as radar or time domain reflectome-biry (TBR) 
techlnques. 

. ^ V. e installed 

O Tt is Rood practice to select an outer pair of each 

for test pui'poses (vhere the cable is large ^^^iodic 

Q-iifihle’^ Measure and record C and D initially and at rote 

ioritor the condition of each section. In 
chlrjf lnlhrS reading, since this »111 be the first Indication of 
Soistnre Ingress into air core cables. 

o SSI To soeed up the periodic checking, measure both Sections 
1 cSon point-such as loading points. The pairs J;® 

dead at the distant end. Make sure that there are no loa should 

dead un h-ri dee tans on the measured pair. 

build out ;ita1urel seotioh if eraot values of C and D 

Sh-B; ris r.r-v.rd„“ ” 

3.6 MiscellanSSH’ ““SSt^S^S-^ovL^SiTSl- 

of cable 5 of measurements. ThLe measurements 

both In f “ItoSiJv the cable condition. But »''u;tual 

can be very useful in condition. It is mos-b useful 

capacitance is only one Other tests such as voice and 

in pinpointing crosstalk and noise may be m9>re useful 

carrier frequency loss, response, 
on completed cable circuits. 

4 , cnnREriT ION OF MEA SUREMENT BATA 

4.1 Series Capacitan ^. and_D 

4 11 Using the series measir 
' are usually accurate K 
most measurement lengths. 
mutual con^^e 
Increases because of the larg 

effects), 

4,12 Capacitan '-^p^ 

capacitance eornectio 
, Multiply the measured capac^.< 

true mutual capacitance. ■ 

as a function Of 

most capacitance bridges is 

use of dissipation coTroctlon 

the length Correction^are^ 
the resistance, 
dissipation correction 
factors. ■ r ■ 
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4.13 Conductance Correction (Cs & P) ; ,True conductance can be deter- 
mined from measured values by using the following correction: 



■where: Gt = true conductance in mhos 

I 

D = measured dissipation factor 

W = 6283 

Cs = measured capacitance In farads (series mode) 

Rdc = measured dc loop resistance in ohms 

Ct = true capacitance in farads 
(or corrected capacitance) 

If the dc loop resistance is not measTjred , it must be accurately estimated 
or large errors can res'ult. 

4.131 Quicjc reference charts for converting measured dissipation into 
true conductance are impractical. Such charts based on nominal 
resistance and capacitance are much in error for small variations from 
nominal values. True conductance must be, calculated, 

4.l4 Head-to-Tall Correction (Cs & D ); To correct measured capacitance 
using length corrections (Exhibit 7)> enter the graph at one-half 
the reel length. Capacitance correction factors as a function of dissipa- 
tion can also be applied to head-to-tail measured capacitance. Exhibit 8 
is used for correcting capacitance from either normal or head-to-tail 
measurements. For conductance corrections from head-to-tail measurements, 
use the following formula: 



Head-to-tail measurements allow for much grea'ter accuracy in determining 
conductance than the normal measxarements and formula in paragraph 4, '13. 

4.2 Parallel Capacitance and Dissipation (Cp & P) 

4.21 Corrections to meas\ired capacitance are required on shorter mea- 
surement lengthSijusing the parallel measurement bridge than using 
the series measurement bridge. At 0.1 wavelength, a correction of 6 to 8 
percent is required for parallel measirr ements j but only a one percent or 
less correction is required for series measurements. Larger corrections 
require more care in both measprements and corrections of measured data. 
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k PP ranacitance Corre ction (Cp & P) ; From Exhibit 9, determine the 
TT fl ' Lcita 'nce'^i^cU^n factor for the cable length measured.^ 
Mnltlnlv tL measured capacitance by the correction factor to determine 
thi truJ mutual capacitance. Eriiibit 10 provides correction factors as 
a function of the measured dissipation factor. As with the ’ 

thf Sssipation corrections should primarily be used for verifying that 
the length corrections are accurate. 


4.23 


Correction (Cp True conductance can be determined 

from the measured values by using the follovin® correction. 


Gt =WCpD - 


Rdc 


M?Ct2 


where Gt true conductance in oiims 

b) = 6283 

Cp = measured capacitance in farads (parallel mode) 

D = measured dissipation factor 
Rdc •= measured dq loop resistance in ohms 
Ct = true capacitance in farads (or corrected capacitance) 

This formula provides a reasonable 
not exceeding 0.06 wavelength. At 
Cp is in error about one percent, 
it must be accurately estimated or 

4.24 Head-to-Tail Correction (' 
using length corrections 
the reel length . Capacitance cor 
the same for normal or head-to-ta 
corrections. For conductance cor 
the following formula; 

Gt =; CpD 

This formula provides a reasonabl 
not exceeding 0.12 wavelengths (C 

4.3 Parallel Capacitance and 

4.31 The same corrections appi 

condvictance as to parall< 
length corrections are the same, 
for measured capacitance, the m® 
to dissipation; 


correction for conductance for lengths 
0.06 wavelength, the measured capacitance 
If the do loop resistance is not measured , 
large errors can result. 
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Mul.lply1E-aa3u.:ed.capao«an^e^..^t.eo^ 

the true mutual capacitanc * factor As with the series bridge, 

?hf Sss?paSorcorrecrions should primarily ^e used for verifying that 
the length corrections are accurate. 

‘*•^3 Sr^Srinraorraaticn: 


Gt =WCpD - 


Rdc 


t02ct2 


where Gt = true conductance in ohms 

= 6283 

Cp = measured capacitance in farads (parallel mode) 

D = measured dissipation factor 
Rdc = measured dq loop resistance in ohms 
Ct == true capacitance in farads (or corrected capacitance) 

TUia — provl.es a reasonaWa 

Srirrn1)r;"=SS«nl(* ?i1h:Tlo^P Jaslsta„ca Is not 
Itiust te aoLrataly est.Lataa or larea errors can result. 


4.24 


Haad-to-lall Cor recMoniS^- 3^000-^/ 

using length correcti^s (Exhibit 9), enter Jibipation are 

the real length, f Use Exhibit 10 for these 

the same for normal or head-to-tai head-to-tail measurenents use 

corrections. For conductance corrections from head-to tali meas 

the following formula; 


Gt “ “ 


Rdc 

12 




This formula provides a re^onable aboS^SrpeSnt) 

not exceeding 0.12 wavelengths (Cp is in error oy auu 

4.3 Parallel Capacitance and Co n ductance (Cp & G pl 

4.31 "MTssipS?on!^"Susr 

conductance as to pararrex c y ,qn* oci nation correction factors 

StlsrercapaciSLerthr.ksu?erconduatan^ first be oonvartad 

to dissipation: 


n 


- Gp 
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The calculated dissipation can be used as ,if it were measured. 

4,32 C onductance Correction (Cp & Gp) ; True conductance can be 
determined from the measured values by using the following 

correction: 

Gt = Gp - ^ OJ^Ct^ 
where: Gt = true conductance in mhos 


Rdc = jnea.sur 0 d conductance in mhos 


Ct = true capacitance in farads (or corrected 
capacitance) 

If the dc loop resistance is not measured , it must be accurately est^ated 
or large errors can result. As discussed in paragraph 4,23> errors in 
conductance can result at lengths over 0,06 wavelengths. 


4 33 Head-to-Tail Cor rection (Cp & Gp) : To correct measured capacitance 
^Hng Tength"‘5“oYrections (E^ibit 9) , enter the graph at one -half 
the reel length. There is no change in dissipation corrections to measured 
capacitance. For conductance corrections from head-to-tail measurenents, 
use the following formula: 


Gt = Gp - ^Ct^ 

As discussed in paragraph 4.24, errors can result at lengths over 0.12 
wavelengths. Also, dc loop resistance must he measured or acciirately 

estimated. 


5. MEASUREMENT EEEOR AND, LIMITATIONS 

5.1 There are certain errors and limitations associated with all 
measurements. This will briefly discuss the practical errors 
and limitations associated with capacitance measwements. First, several 
sources of measurement .«rror will be outlined. Then, some Practical 
limitation and error margins will be suggested for series and paraUel 
mode capaeitanoe measurements. 

5,11 The errors in capacitance measuremen 


a . Human Error 


b. Instrument Error 

c. Propagation Effects 

These error sources will be discussed sepaj 
interrelate to some degree, and the net er: 
blnation of factors. 
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5.12 


Human error can be decreased by training-and this can be 
self fc'^ainlng through the repeated use of the capacitance 
bridge Find-lng an exact null on the bridge can be awkuard at times 
RanStk use x^iproves the ability to be more precise in finding nulls 
aS Saing Eepeated use builds ccnlldeuoe In the aeasurement 

results. 


5.13 


Tnqtrt'merit error can be separated into several parts. Become 
^Tlt 4 - vith " t he stated accx.iracy of the capacitance bridge. 
Accuracy S often expressed in percent of fixll scale plus dial increnents 
Some Lid^res ffi^ate a very high accuracy for capacitance (O.l percent erj?or)j 
but most field irstnunents state a 1.0 percent maximum error. C.onduc- 
tScraySslpatlor. factor are lees precise. These are often stated 
to be about 5 -percent maximum error, and possibly more. Capacitance 
toidges with fcuilt in 1000 hertz oscillators generally ^/^fecr^ 

accuracy of el^out 2 percent error. Frequency error has little effect 
on capacitance,, but can have a major effect on dissipation and 
conductance ac'curacy . 

c; Th of nropagation ef fects , the capacitance bridge measures^ 

tihe ''aippareS‘’^^iii:Hi^e and dissipation factor or conductance 
of cable pair? through the use of correction factors, ’•true" or corrected 
?Lms of cSiiltance and oonductenoe can be obtained. These corrections 
Se based on transmission line concepts established more than 50 years 
aao Oorreetian factors based on nominal values of cable parameters can 
bS used to a Mgh degree of accuracy provided (a) the 

is Itraited; and (b) the departure from nominal values is limited, ihus, 
il irS ori^ pLsible, 1 ? is practical to measure cable mutual capaci- 
tance and determine compliance Vithin 
cable mutual ca,pacitance must be near the speci . 
and the corrections are more accurate near theo'^ 
values. IWhen the capacitance departs fro'^ 
corrections cajc occur. But exact val' 
there, is a large departure from cab.' 


5.141 Idle determination of mutua 
na^asuronent is difficult f 
masking oi the leakage conductance 
tremely difficxilt to obtain accura 
conductance is very low. Accurate 
a percentage basis are not general 
very low {less than 0,1 micronhos 


5,2 Series Capacitance and Pis 

5.21 For field measurements on 

measurement mode is prefei 
0.1 wavelength., less than one perc 
is required, lliat is 21 . 4j 15 . 4# 
and 26 gasige eahle , By allowing 
accurate capacitance measurements 
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•Tliat is 32 , 2 , 23 . 1 , 1 O .4 and 14.7 kilofoot; for 19) 22, 24, and 26 
gauge cable. DC loop resistance must he measured to assure accuracy 
beyond 0.1 wavelength. It is suggested that about one percent error 
be allowed for the combined effect of human, instrmnent and propaga- 
tion error after capacitance corrections are made, 

5.22 To determine cable mutual conductance accurately, dc loop 
resistance must be measured at the same time capacitance is 

measm’ed. The conductance correction increases as the square of the 
length. If the length is doubled, the conductance correction is 4 
times as great. Thus, the measurement error can be 4 times as great 
for twice the measurement length. In general, try to limit the 
roeasiu’ement length to 0.05 wavelength for accurate mutual conductance. 
That is 10.7, 7.7, 6.1 and 4.9 kilofoot of 19, 22, 24 and 26 gauge 
cable. Refer to the test instrument manual for accuracy specifications. 

5.23 Head-to-tail measurements greatly improve the accuracy of 
conductance measurements because of the smaller corrections 

required. The measurement length should be lijnited to 0.1 wavelength. 
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APPENDIX I 


Layman’s Guide to Capacitance Measurements 


1. INTOODUCTION 

1.1 This appendix will briefly explore propagation effects and 
the related apparent measurement errors. All discussion will 

refer to the propagation effects of 1000 hertz signals, 

1.2 A cable pair effectively consists of series resistance and 
inductance (R and L) and parallel (or shimt) conductance and 

capacitance (O and C). As the 1000 hertz signal travels down the 
wire pair, it is altered by this R, L, G and C. The signal arriving 
at the distant end has been affected by loss and by phase change. 

1.3 When the mutual capacitance of a cable pair is measured, the 
cable R, L, G and C cause small errors in this measurement. 

An "apparent" capacitance and conductance (or dissipation) is measured. 
The propagation effects of transmission lines are well established, 
and these apparent values can be converted into true values by applying 
"corrections". Each minute change along the cable pair affects the 
accuracy of determining "true" values fi’om measured values. Also, the 
accuracy of the teat eqvtipraent affects the accuracy in converting 
measured values into true values, A small percentage error in a 
measured value can sometimes result in a much larger percentage error 
in the corrected "true" value. These effects must be dealt with in 
a practical basis. 


2. BRIDGE MEASURElvIEKT METHODS 


2.1 Impedance bridges and capacitance bridges measure capacitance 
in a series mode or a parallel mode . Ihe Electro Scientific 
Industries 250 DE is representative of bridges measuring in the series 
mode and the Siemens 3H 2l7p is representative of bridges measuring in 
the parallel mode. 


Series Mode 
(ESI) 



Parallel Mode 
( Siemens ) 


Gp 



2,2 Series Measurement Mode ; There is a variety of low cost bridges 
that measure Rs and Cs in a series mode. Most of these bridges 
express the resistance added to ^the balancing ai'm of the bridge in terms 
of D factor or dissipation. 
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2.3 £;«^APJL_ Mea.su.rement Mode ; 'rhe psj'allel mode of measurement 

is usually ejqjressed in Gp and Cp as shown, Some raaralXel mode 
bridges also express measurements in D aiad Cp, where i) is a measure of 

the conductance (Gp) added to the balancing arm of the brdcir'-p reauired 
to obtain a null. c:.- h 

\ 

2.4 Exhibit 12 shows how the "apparent" or meas\ured capacitance 
(26 gauge cable, O.083 microfarads per mile) departs from the 

true value at longer measurement lengths. Notice that the serie.s 
measurement values of capacitance are less affected by length than 
are parallel values, Tlius, smaller corrections are re<2uired, for Cs 
than for Cp for longer measurement lengths. 


3. SIMPLIFIED DESCRIPTION 

3.1 The reason that the Cs requires less correction is that it 
better represents the "apparent" transmission line as viewed 

from one end with an open circuit at the distant end. Except for short 
lengths of cable, the conductance or dissipation arm of the bridge is 
primarily balancing out the effects the series resistance, rather than 
the shunt conductance, 

3.2 For cable lengths up to one -tenth wavelength, the open circuit 

cable parameters might be approximated with the foliowina 
network; ‘ 


the loop resistfince amd 
inductance ) 

C (approximate true values) 


O- 


1/3 R 


1/3 L 
-rjRTin — 


(1/3 of 


* 1 

J 


In other words, the cable capacitance and conductance might appear to 
be lumped at one-third the distance from the measuring end. 


3.3 


would 


The series Inductance plays a minor role in the propagation 

effects at 1000 hertz. If the L were omitted, the network 
appear as ; 
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3.31 More than a decade ago, it was proposed that a capacitance 

bridge be developed with balancing a^’lns as shown above. One 
third of the loop resistance could be set on the series balancing 
arm and then the G and C could be balanced and read directly, without 
large corrections. 

3.4 For relatively dry cable, G also plays a minor role in the 

propagation effects. If the L and G are omitted, the network 
would appeal’ as; 



3.41 Many small portable capacitance bridges measure D and C, where 
D is primarily balancing out the effects of one third of the 
loop resistance and the actual capacitance with a reasonable accuracy, 

3.5 The preceedlng discussion is an oversimplification of the 

propagation effects and 1000 hertz capacitance measurements. 
But it does serve as an explanation to show why capacitance measured 
in the series mode requires less correction than the parallel measured 
capacitance at longer measurement lengths. If the measured D is less 
than 0,1, the Cp, Cs and true C are all within one percent. 


4. f/HJTUAL COKDUCTANCS 

4,1 The determination of cable conductance from an open circuit 

measurement is difficult for long lengths of cable due to the 
masking of the shunt conductance by the series resistance. It is 
extremely difficult to obtain accurate conductance readings when true 
conductance is very low; but, at the same time, accurate field results 
are not generally required when the conductance is low. However, 
conductance in the 3,3 microniho per mile range and larger is of practical 
field interest. Within certain accuracy limitations, it is possible to 
measure conductance on moderate cable lengths. 




15 - 




liXHIBIT 1 


CABIfi CAPACITANCE MEASUREMENTS 





St 


Notea; 1. Refer to the capacitor bridge instruction manual for specific 
ihatructtons. 

2# Unless you know that the bridge should be grounded, set the 

bridge on insulation material and do not let non-test pairs or 
cable shield contact the bridge case. 

3. Connect the test pair to bridge terminals; all other pairs should 
be left clear. 

4. Measure at 1 kHz; set bridge dials near the C and D values expected. 
Continue adjust of C and D dials (alternately) until the lowest 
meter reading is obtained (null). 

5. Record C and D values (all available digits). 



Exhibit 2 

HISCELIJVNKOUS CAPAGITAKCE MEASUREMENTS 


A^^Head-to-TaJj' 1 Measurements 



Head-to~tail meiasurements can be made when cable Is on the reel to effectively 
divide the lengtlh by two. The effect is the same as measuring two pairs in 
parallel of one^-»half the length* 


B* Bridge Groumd Test 



Cl, C2 and G3 
approx* 0.03 ^xV 


Cm Sample R-G Network 


^ Rl « 47 ohms 
O 

^ Gb « 0*071 /SF 

Q D - o*oo4 


!• Select 3 caffiacitor^a of equal value. 


Capacitor Measures * 


2. Measure eachi value and record. 

3. Construct network as shown. 

4. Measure tip rto ring with 

(a) ground vto meter case 

(b) no gromnd 

\ 

5 . Compare mea!r;.uremenr,s 

6. C mOQs =01 + * O.O^tS /iF (approx) 


Cs = 0.071 ;u.F 
D = 0.004 (Rs = 8,5 ohms) 

With 47 ohms in series (Rl) 
bridge shoulcl measure ; 

Cs = 0.071 iiF 
D = 0.025 

NOTE; Exact valtxe of D 
v/ill depend on capacitor > 
D value and added resistor 
value . 








Spec. ^2- Temp. 'IS ^ f ~ Test Set Iz S T 
Corr, Fac. \Do Not CofZ/lEcr^ 


'?£ \S 7 /^C B B-ST/At/ITEP - - /O ^/p /^LLO UfA f^Ct: 

Fod Q E/Klbfi, fyPF^oxiMATSLV 
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EXHIBIT ^ 

EXPECTED MEASURED VALDES: Cs & D 
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notes: Frequency^lOOO- hertz, E=85, 171,274 or 431 ohms per mile for I 9 , 22 24 or 26 sauee 

cable. L=1.09 millihenry per mile. G=0. 001 micromho per mile. C=o!o83 microfarad per mile 
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EXPECTED MEASUHED VALUES Q 
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EXHIBIT 7 

t 

JorlGs Capacitance Correction Factors as a Function of Length (Cs & D) 



Length (Kilofoet.) 

Note; R = 85,171,274 or 431 ohms 
per mile for I 9 , 22 , 24 or 
26 gauge cable. 

HIBIT 8 


.rios Capacitance Correction Factors as a Jtuiction of Dissipation (Cs & D) 



Dissipation Factor 





Multiply Cp 


EXHIBIT 9 


Parallel Capacitaaco Correction Factors as a Function of Length 
(Cp &. D or Cp & Gp) 



0 2 4 6 8 10 12 U 16 18 20 22 24 


Length (Kilofeet) 

0 
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EXHIBIT 11 


MISCELUNEOUS BATA 
A, Primary Paramo tors 

Tho following nominal 1000 hertz primary cable parameters were used in developing 
tho charts shown in this section. Variation from these valries were also used 
to dotermino their effects 


Parfiraeter 

19 Ga. 

■M 

24 Ga. 

26 Gb. • 

Resistance (ohms/mile) 

Inductance (Milliiienries/mile 

Conductance (micromhos/mile 

Capacitance (microfarads/mile 



85 

1.09 

0.0001 

0.083 

171 

1.09 

0.0001 

0.083 

274 

1.09 

0.0001 

0.083 

431 

1.09 

0.0001 

0.083 


B, Wavelength in Kilofeet at 1000 Hertz 


Cable 

IHSi 

0.10 A 

mm 

IIIBHH 


19 Ga. 

10.7 

21.4 

32.2 . 

42.8 

214 

22 Ga. 

7.7 


23.1 

30.8 

154 

24 Ga. 

6.2 

12.3 

18.5 

24.6 

123 

26 Ga. 

4.9 

9.8' 

14.7 

19.6 

98 




































